We evaluated a novel truncated hygromycin A analog in which the furanose ring was replaced with a 2-fluoro-2-cyclopropylethyl substituent for its activity against multidrug resistant gram-positive bacteria and compared its activity to the activities of linezolid, quinupristin-dalfopristin, and vancomycin. CE-156811 demonstrated robust in vitro activity against gram-positive bacteria that was comparable to that of linezolid.
The continuing emergence of resistance to existing antibacterial agents in gram-positive organisms has created the need for the discovery of novel antibacterial agents that possess activity against these resistant bacteria (1, 5, 9). The isolation of hygromycin A from Streptomyces hygroscopicus was first reported in 1953 (10) , and it was demonstrated to possess weak activity against gram-positive organisms (6) . The mechanism of action of hygromycin A has been demonstrated to be protein synthesis inhibition through interference with peptide bond formation (2) .
The current study was designed to evaluate the in vitro antibacterial activity of CE-156811 against various gram-positive and gram-negative isolates in comparison to the activities of other marketed agents.
(This study was presented in part at the 46th Interscience Conference on Antimicrobial Agents and Chemotherapy, San Francisco, CA, 27 to 30 September 2006 [4, 11] .) CE-156811 is a novel truncated hygromycin A analog with potent activity against multidrug-resistant Streptococcus pneumoniae, vancomycin-resistant enterococci (VRE), methicillinresistant Staphylococcus aureus (MRSA), community-acquired MRSA, and vancomycin-intermediate S. aureus. The chemical structures of CE-156811 and hygromycin A are displayed in Fig. 1 . All bacterial strains used in this study were from the Pfizer collection of clinical bacterial cultures and were obtained between 2000 and 2004 from several sources, including various surveillance studies and clinical trials. Transcription and translational inhibition studies of protein synthesis were performed as described previously (7) . Susceptibility testing was performed by the broth microdilution method, as described by the CLSI (formerly the NCCLS) (8) . In vitro killing kinetics studies were performed with 25-ml volumes of Mueller-Hinton broth (supplemented with 3% lysed horse blood for streptococci) with agitation. CE-156811 was tested at 1ϫ, 2ϫ, 4ϫ, and 8ϫ the MIC; and samples were plated for colony count determinations at 0, 2, 4, 8, and 24 h. A Ն3-log reduction from the original inoculum at 24 h was considered bactericidal. CE-156811 was obtained by alkylation of the phenol {3-(2,5-difluoro-4-hydroxy-phenyl)-2-methyl-N-[(3aS,4R,5R,6S,7R,7aR)-4,6,7-trihydroxy-hexahydro-benzo [1, 3] dioxol-5-yl]-acrylamide} with (R)-methanesulfonic acid 2-cyclopropyl-2-fluoro-ethyl ester and potassium carbonate in anhydrous N,N-dimethylformamide at 75°C for 5 days. The phenol can be derived from the corresponding O-allyl ether (3) by a Pd(Ph 3 P) 4 (where Ph is phenyl)-catalyzed deallylation with dimedone. CE-156811 was found to undergo slow hydrolysis at 25°C in water (to the extent of 4% decomposition over 24 h) to generate the corresponding cyclopropyl alcohol (validated by independent synthesis) resulting from the hydrolysis of the cyclopropyl alkyl on August 15, 2017 by guest http://aac.asm.org/ fluoride. As the hydrolysis presumably involves the intermediacy of the cyclopropyl methyl carbocation, a potential alkylator, this finding precluded our further development of this compound. The comparator agents were supplied from outside vendors (vancomycin was purchased from Sigma Chemical Co.; quinupristin-dalfopristin was provided by Sanofi-Aventis, France; and linezolid was purchased from Sequoia Research Products, Pangbourne, United Kingdom). CE-156811 is structurally diverse from the original parent molecule of hygromycin A. However, determination of the inhibition of protein synthesis by a coupled transcriptionaltranslational inhibition assay demonstrated that the potency was very similar to that of hygromycin A. CE-156811 inhibited transcription and translation at 0.149 M, and hygromycin A inhibited transcription and translation at 0.190 M. Linezolid inhibited transcription and translation at 2.6 M, indicating that CE-156811 may be a more potent inhibitor of ribosome function than linezolid. The in vitro activities of CE-156811 and the comparator agents are summarized in Table 1 as the range of MICs, the MIC 50 s, and the MIC 90 s. Overall, CE-156811 had activity similar to or greater than the activities of the comparator agents (linezolid, vancomycin, and quinupristindalfopristin) against the majority of gram-positive organisms. CE-156811 had limited activity against gram-negative organ- isms. Of the gram-negative members of the family Enterobacteriaceae and nonfermentative bacteria, no one particular species had MICs at the lower end of the range of MICs. One strain of Acinetobacter species, one strain of Shigella species, one strain of Escherichia coli, and one strain of Enterobacter cloacae had MICs in the 16-to 32-g/ml range, whereas all the other strains had MICs of Ͼ64 g/ml. We also investigated the activity of CE-156811 against linezolid-nonsusceptible staphylococci and linezolid-resistant enterococci. CE-156811 has reduced activity against linezolid-resistant S. aureus and linezolid-nonsusceptible enterococci (Table 2) , indicating the potential for cross-resistance to the oxazolidinone class of antibacterial agents. The MICs were elevated approximately 16-fold in relation to the MIC for a wild-type strain of S. aureus. It should be noted that the two staphylococcal isolates were clearly distinct clones, as determined by pulsed-field gel electrophoresis (data not shown), and had the G2576U mutation at all five alleles. The linezolid-resistant enterococcal organisms used in this study were recent clinical isolates that had an identified number of mutant alleles at G2576 in the 23S rRNA gene. There were clear increases in the MICs of CE-156811 with an increasing number of mutant alleles in the enterococci; however, it is not quite clear if the loss in activity was due to the G2576U mutations alone or was due to other factors that may have a role in decreasing the activity of CE-156811.
The bactericidal activity of CE-156811 against several grampositive bacterial strains was evaluated (Fig. 2) . CE-156811 treatment resulted in an approximately 1.5-log reduction at 24 h against all the strains tested, indicating that CE-156811 is bacteriostatic.
Overall, CE-156811 has potent in vitro antibacterial activity that is similar to that of linezolid against a wide range of gram-positive pathogens. It also appears that mutations of G2576U in the 23S rRNA affect the activity of CE-156811.
